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Abstract
A prospective cohort study was conducted to assess the incidence of shoulder pain following a survey study on baseline of health 
risk of shoulder pain (SP) among University office workers. A health risk assessment of SP was performed by using a risk matrix 
of covariation between ergonomics risk and discomfort level. The results showed that most (51.1%) were found to have a moderate 
(21.2%), high (17.3%) or very high (12.6%) health risk of SP. By exclusion of cases with moderate to severe level of shoulder 
discomfort, 149 workers were followed up periodically for identification of the SP new cases. The cumulative SP incidence for 
all levels increased from 24.8% at the first month to 30.2% at second month.  This research found that a high proportion of the 
office workers were exposed to the ergonomics risk of work-related SP which similar to the SP incidence. The suggestion is that 
the SP prevention, such as improvement in work posture and ergonomic designs of workstations, are needed.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
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1. Introduction
Computer users or office workers often have health problems associated with musculoskeletal disorders (MSDs). 
These arise when inappropriate postures and body movements are often maintained over periods of several hours. 
Work behaviour of this kind can increase the risks of neck, shoulder and lower back problems [1, 2, 3]. One study 
ofoffice workers in Thailand found that the 1-year prevalences of neck, lower back, upper back, wrists/hands and 
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shoulder symptoms were 42.0%, 34.0%, 28.0%, 20.0% and 16.0%, respectively [4]. In another report the 1-year 
prevalence of shoulder pain amongst office staff at KhonKaen University was 63.1% [5], and also the 1-year 
incidence of low back pain in the same group was 83% [6].  However, there were still no cohort studies on 
investigation of incidence of shoulder pain in university office staff in Thailand.
The previous study of university office staff assessed the ergonomic risks, which can induce the development of 
MSDs by observation with ROSA [7]. However, for assessing risks associated with the development of MSDs, there 
have been three main approaches: (1) observational methods (ways in which an observer can assess and record 
workplace behavior which is expected to increase the risk of MSDs), (2) self-reports by workers (for example, use 
of data obtained from interviews and questionnaires), and (3) direct measurements (for example, use of monitoring
instruments which rely on sensors attached directly to the subject for the measurement of exposure variables at work 
or use the tools that was specific to medical measurement) [8]. Kee and Lee [9] studied the ergonomic risk 
associated with the development of MSDs. They reviewed the relationship between self- reports of discomfort 
(subjective assessment) and the direct measurement of postural loading (objective assessment). There appeared to be 
a positive relationship between the two approaches.
In previous study of university office staff [7] we used only one method of assessing the risk of MSDs. In this 
present study we therefore used more than one approach so that we could investigate the covariation between the 
different methods of assessment in predicting the incidence of shoulder pain over time following the assessment 
using a risk matrix. The outcomes are expected to be useful in drawing the attention of relevant institutions and their 
office staff to the risk of shoulder pain and the need for its monitoring and prevention.
2. Materials and methods
2.1. Subjects
A prospective cohort study was conducted to assess the incidence of shoulder pain among office staff worked at 
KhonKaen University between November 2013 and February 2014. The follow-up was started immediately after 
finished risk assessment of shoulder pain in the university staff used desktop computers for more than 4 hours per 
day during working time. The total of population was 1602 office workers, and a sample size of 231 was calculated 
using a formula provided by Lemeshow and Lwanga[10] and the proportion of shoulder pain (77.3%) from the study 
in office workers exposed to ergonomics factor [11]. The required sample size was 231office workers and subjects 
were selected bysimple random sampling and met the inclusion criteria. This criteria were workers:  (1) had work 
experience at least 1 year, (2) had no chronic diseases or injured accidents affecting shoulder pain or MSDs during 
the last year, and (3) volunteered to participate in this study period. 
2.2. Materials
The materials and methods that were selected for assessing health risks associated with the development of 
MSDs were as listed 
1) The Rapid Office Strain Assessment (ROSA), the standard form developed for computer users by Sonne et al. 
[12] was used. This standard tool had high inter- and intra-observer reliability (ICCs) of 0.88 and 0.91 [12]. 
Ratings were based on observation of working posture, environment and working time in the office workers. The 
researchers derived the final scores and ranked the ergonomic risk levels as follows:
1 = low (score 1-2) 
2 = moderate (score 3-4)
3 = high (score 5-7) 
4 = very high (score 8-10)
Final scores greater than 5 (high or very high risk) indicate the need for further ergonomics assessment and the 
workstation improvements. In the case of very high risk, improvements are urgently required.
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2) The Cornell Musculoskeletal Discomfort Questionnaire (CMDQ), the standard form developed for sedentary 
workers by Hedge et al. [13]. The reliability of the test was 0.986 [14].By using CMDQ for evaluating discomfort of 
shoulder area, it consisted of questions about pain or discomfort, dating back to a period of 3 months. The 
researchers derived the final scores and ranked the discomfort/pain level in the office workers as follows:
0 = no discomfort (score 0)
1 = mild (1.5-4.5 score)
2 = moderate (5-14 score)
3 = severe (15-45 score)
4 = very severe (60-90 score)
3) Incidence of shoulder pain: after exclusion the cases with moderate to very severe level of shoulder pain by 
CMDQ score or under conditions of MSDs/ shoulder pain treatment during the last 3 months, the subjects were 
interviewed twice a month (every 15 days) for the following two months in order to detect new cases of shoulder 
pain. The symptoms of shoulder pain will be considered as severe cases if the pain persisted for minimum 24 
hours within the last 15 days. 
2.3. Data analysis
All data analyses were performed with STATA Version 10.1. Descriptive statistics were used to summarise 
personal factors, the ergonomic health risks, the levels of shoulder discomfort, and the incidence of shoulder pain. A 
risk matrix (Table 1) was used to categorise the risk of shoulder pain by combining the levels of ergonomic risk 
assessed by ROSA with the levels of shoulder discomfort determined by the CMDQ. 
Table 1.Score of the health risk in the matrix of CMDQ x ROSA.
Health risk
Level ofergonomic risk (ROSA)
1 2 3 4
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) 4 4 8 12 16
3 3 6 9 12
3 2 4 6 8
1 1 2 3 4
0 0 0 1* 2*
Note: The results of 1* and 2* in the table are presented when there are levels of 0 for body discomfort (CMDQ) 
and the levels of 3 or 4 for ergonomics risk (ROSA). Researchers believed that, although office staff rated 
discomfort to be zero (0), if ergonomic risk assessment indicated high to very high risk, this could activate health 
risk at least low level in long term. The colour code for health risk level are as follows; gray = no risk, green = low 
risk, yellow = moderate risk, orange = high risk, red = very high risk.  
The categories adopted for the risk of shoulder pain were as follows; 
x No risk                    = score 0
x Low risk                  = scores 1-2
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x Moderate risk         = scores 3-5
x High risk                 = scores 6-8
x Very high risk        = scores 9-16
This study obtained ethical approval from KhonKaen University ethics committee to human research, Thailand, 
no.HE 562247.  All participants gave informed consent prior to entering the study.
3. Results
3.1. Personal characteristics of office workers
Most of office workers were female (76.2%), and the mean age was 37.6 years (SD=10.3). Their mean working 
experience was 12.2 years (SD=10.9), and their mean time of using desktop computers was 6.9 hours per day during 
working time (SD=1.8).
3.2. Ergonomics risk by ROSA and shoulder discomfort by CMDQ
For the majority of office workers (66.2%) the ergonomic risk was at a high level, for 19.5% the risk was 
moderate, for 13.8% the risk was very high, and for 0.4% of the staff the risk was low as shown in Table 2.43.7% of 
office staff had no shoulder discomfort.  For 22.9% of the office staff the level of shoulder discomfort was low, and 
18.2% of workers had moderate discomfort.
Table 2.The number and percentage of university office workers classified by levels of ROSAand CMDQ in health risk matrix.
Health risk
Level of ergonomics risk by ROSA
Number (%) Total
1 2 3 4
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)
4 0 (0.0) 0 (0.0) 2 (0.9) 0 (0.0)
2 (0.9)
3 0 (0.0) 6 (2.6) 22 (9.5) 5 (2.2)
33 (14.3)
2 0 (0.0) 8 (3.5) 28 (12.1) 6 (2.6)
42 (18.2)
1 0 (0.0) 12 (5.2) 34 (14.7) 7 (3.0)
53 (22.9)
0 1 (0.4) 19 (8.2) 67 (29.0) 14 (6.1)
101 (43.7)
Total 1 (0.4) 45 (19.5) 153 (66.2) 32 (13.8) 231 (100.0)
3.3. Health risks of shoulder pain
An analysis of the health risks of shoulder pain was performed using the risk matrix(Table 1) and the results are 
shown in Table 3. For 21.2% of the office workers the health risk was moderate, and for 29.9% the risks were high 
(17.3%) to very high (12.6%). The overall health risk of the office staff was 51.2%, ranged from moderate to high 
and very high level.
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3.4. Incidence of shoulder pain in the 2-month follow-up office workers
The incidence of shoulder pain in 149 office staff, who met the inclusion criteria of cohort group over the follow-
up period is shown in Tables 4 and 5. The monthly incidence of shoulder pain increased from 24.8% in the first 
month to 30.2% in second month. The incidence of symptoms lasting 24 hours increased from 5.4% in the first 
month to 6.7% in second month.
Table 3.The number and percentage of office workers classified by level of the health riskof shoulder pain (n=231).
Health risk level of shoulder pain Number (%)
no risk 20 (8.7)
low 93 (40.3)
moderate 49 (21.2)
high 40 (17.3)
very high 29 (12.6)
Table 4. The incidence of shoulder pain of office staff (n=149).
Cycle of follow-up (every 
15 days) Cumulative incidence
The incidence 
per cycle of 15 days
Number (%) Number (%)
1 29 (19.5) 29 (19.5)
2 37 (24.8) 8 (5.4)
3 43 (28.8) 6 (4.0)
4 45 (30.2) 2 (1.3)
Table 5. The incidence of shoulder pain of office staff in case of the pain persisted at least24 hours (n=149).
Cycle of follow-up (every 
15 days)
Cumulative incidence
The incidence 
per cycle of 15 days
Number (%) Number (%)
1 7 (4.7) 7 (4.7)
2 8 (5.4) 1 (0.7)
3 9 (6.0) 1 (0.7)
4 10 (6.7) 1 (0.7)
4. Discussion
4.1. Prevalence of shoulder discomfort
The subjects for this study were desktop computer users at least 4 hours per day during working time. The study 
of Hedge et al. [15] found that using computers for more than 4 hours per day significantly increases the risk of 
MSDs. A previous report in office staff at KhonKaen University indicated that that the majority of staff had a 3-
month prevalence of shoulder pain, which had occurred more frequently in the right shoulder (51.1%) than on the 
left side (41.1%) (16). The present study supports by the finding that only 43.7% had no discomfort while for 33.4% 
had the shoulder discomfort as serious level (moderate pain to very severe pain). The previous study of the authors, 
the prevalence of shoulder pain was found in female more than male workers and most common in between 41-50
years of age [16].
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4.2. The ergonomics risk
The results of the ergonomic risk assessment using ROSA revealed that a large majority (80.0%) of office staff 
working on computers for more than 4 hours during the working day were exposed to high or very high levels of 
ergonomic risk. Bernard’s review of over 20 epidemiological studies [17] concluded that repetitive movements and 
repeated or sustained shoulder postures with greater than 60 degrees of flexion or abduction were associated with 
shoulder MSDs. Office workers spending their working days in a working environment which promotes 
inappropriate movements and awkward postures may therefore be expected to be at particular risk of developing 
shoulder pain. 
4.3. The health risk of shoulder pain
The health risk assessment of shoulder discomfort/pain by using heath risk matrix, which combined between the 
ergonomics risk assessment of ROSA and shoulder discomfort of CMDQ, showed that about 30% of the office 
workers at KhonKaen University was at risk of high and very high level. This can be explained by Kee and Lee’s 
study [9] that found that the body discomfort could be measured in a quantitative manner for the stress of posture, 
such as the postural discomfort increases linearly with holding time and holding force. So, we applied this concept 
to combine the ergonomics risk and the level of discomfort/pain together for estimation of the health risk. Although 
the health risk for some of the staff was low due to the mainly low levels of shoulder discomfort reported dating 
back to a period of 3 months before the study. However, the high ergonomic risk can affect the health risk in the
long run for MSDs. 
4.4. Incidence of shoulder pain
This study found that the cumulative 2-month incidence of shoulder pain was about 30%. In comparison to the 
percent of office workers had high to very high-risk condition, the same percentage was indicated (30%). For severe 
cases, the cumulative incidence of persistent symptoms for minimum 24 hours was 6.7% at the second month. The 
incidence of shoulder pain was continuously increased with consecutive follow-up. It means that the cumulative 
incidence of shoulder pain was continuously increased with duration of working time. Therefore, this risk group 
needs to be monitored periodically with long-term follow-up for the incidence rate and levels of shoulder pain. 
5. Conclusions and recommendation
The health risk of shoulder pain among the office staff at KhonKaen University was at moderate level for 21.2%, 
at high level for 17.3% and at very high level for 12.6%. The cumulative incidence of shoulder pain increased with 
duration of working time from 24.8% at the first month to 30.2% at second month. The overall finding of this study 
was that office staff who used desktop computers more than 4 hours per day during working time were at high risk 
of work-related shoulder pain. 
The strengths of this study were the use of the standard tools and methods, which were already verified by 
expertise. The validation of health risk matrix was under discussions for the future studies by inferential statistic 
analysis with the linearity and relationship between health risk and levels the ergonomics risk and body discomfort. 
Moreover, the direct measurements as one research tool should be included to confirm muscle health adverse effect. 
The study should be expanded for bigger sample size of population and longer period of the follow-up.
For the implications to current practice, the University should prevent MSDs, such as improvements in working 
behavior, assessing the ergonomics risk, the ergonomic design of workstations and a surveillance of MSDs among 
computer users.
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